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In situ expression and soluble form of P-selectin in human
glomerulonephritis
CHIKAKO SEGAWA, TAKASHI WADA, MASAYOSHI TAKAEDA, KENGO FURUICHI, ICHIROU MATSUDA,
YUKIMASA HISADA, SAT0sHI OHTA, KAZUYA TAKASAWA, SHIN-IcHI TAKEDA, KEN-ICHI KOBAYASHI,
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First Department of Internal Medicine and Division of Blood Punjication, School of Medicine, Kanazawa University, Ishikawa, Japan
In situ expression and soluble form of P-selectin in human glomerulo-
nephritis. To clarity the early involvement of cellular adhesion molecules
in human glomerulonephritis, we investigated P-selectin and high endo-
thelial venules' (HEVs) marker MECA-79 expression in kidney specimens
by immunohistochemical and in situ hybridization analyses, and measured
serum and urinary soluble P-selectin levels by enzyme-linked immunosor-
bent assay. In normal controls, P-selectin and MECA-79 expression were
negative in glomeruli (N = 4), and serum soluble P-seleetin levels were
114.3 36.8 ng/ml (mean SEM, N = 12). Soluble P-seleetin was not
detectable in urine of all cases. In proliferative glomerulonephritis involv-
ing rapidly progressive glomerulonephritis (N = 6), IgA nephropathy(N = 26), lupus nephritis (N = 7) and acute glomerulonephritis (N 2),
both glomerular and interstitial P-selectin expression were up-regulated.
Glomerular P-selectin expression correlated positively with local cellular
accumulation, endocapillary proliferation and CD41b (platelet) staining.
Interstitial P-selectin expression showed a positive correlation with the
grade of local cellular infiltrates. P-selectin mRNA signals detected by in
situ hybridization were only observed on capillary or venous endothelium
in the interstitium, hut not in glomeruli. In addition, MECA-79 was
expressed on the plump endothelial cells at the cortico-medullary junction
(outer medulla). Serum soluble P-selectin levels were significantly higher
in patients with proliferative glomerulonephritis, especially in glomerular
and interstitial P-selectin positive staining, and correlated with glomerular
endocapillaiy proliferation. These observations suggested that P-selectin
was associated with both glomerular and interstitial leukocyte accumula-
tion in human glomerulonephritis, and might be expressed by two distinct
mechanisms that are the activated platelets in glomeruli and the de novo
expression in the interstitial lesions that correlated with MECA-79
expression as HEVs like vessels, and serum soluble P-selcctin may be a
useful marker for predicting in situ P-selectin expression associated with
glomerular endocapillary proliferation in nephritis.
The infiltration of inflammatory cells such as neutrophils,
monocytes and lymphocytes plays a pathognomonic role in many
forms of human glomerulonephritis [1—3]. Adhesion with vascular
Key words: P-selectin, glomerulonephritis, high endothelial venules, leu-
kocytes, tuhulointerstitial lesions.
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endothelial cells is necessary for inflammatory cells to infiltrate
tissues, and various cellular adhesion molecules have been re-
ported in the multistep reactions of "attachment," "rolling,"
"arrest," "firm adhesion" and "transendothelial migration" be-
tween leukocytes and vascular endothelial cells [4, 5]. Recently,
up-regulation of some adhesion molecules such as intercellular
adhesion molecule-i (ICAM-1) and vascular cell adhesion mole-
cule-i (VCAM-1) were observed in human renal diseases [6—9].
These adhesion molecules play main roles in the later steps from
a few hours old rolling to firm adhesion. On the other hand, the
early steps from the initial attachment to rolling depend on the
interaction between P- or L-selectin and their ligands [4, 5, 10].
P-selectin is a membrane glycoprotein located in a granules of
platelets and Weibel-Palade bodies of endothelial cells. It is also
named GMP-140 to indicate granule membrane protein of 140
kDa. When platelets or endothelial cells are activated by agonists
such as thrombin or histamine, P-seleetin is rapidly translocated to
the cell surface and can be a receptor of leukocytes at sites of
inflammation and hemorrhage [11]. In fact, up-regulation of
P-selectin was observed in chronic rheumatoid arthritis, systemic
sclerosis and focal cerebral ischemia/reperfusion [12—14]. As for
renal diseases, in animal models, controversial results were re-
ported, that is, Tipping et al reported that P-selectin had been
expressed on glomerular endothelium and pretreatment with
anti-P-selectin antibodies had prevented glomerular neutrophil
accumulation and proteinuria in acute murine anti-glomerular
basement membrane (GBM) antibody-induced glomerulonephri-
tis [151. Contrary to this, Mayadas et at reported that more
glomerular leukocytes and proteinuria were observed in acute
passive anti-GBM nephritis in P-selectin deficient mice than
wild-type mice [16]. In human diseases, interstitial P-selectin
expression was observed in vessels with acute kidney graft rejec-
tion or prominent interstitial infiltrates [6, 17]. However, P-selectin
has not yet been fully studied in human glomerulonephritis.
Recently the soluble forms of adhesion molecules have received
much attention as markers reflecting the presence of inflamma-
tory mediators, cellular activation or damage, and further, disease
activity in vivo [18]. The soluble forms of adhesion molecules still
have ability to bind their ligands and can also regulate their
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Fig. 1. Immunohistochemical examination. (A) Normal control, P-seleetin was negative in glomeruli and was faintly positive in the interstitium
(magnification >< 125). (B) A ease of JgAN. P-selcetin was positive within glomerular capillary tufts (magnification X315). (C) A ease of IgAN. P-selectin
was strongly expressed on the venules at the cnrtieo-medullary junction surrounded with cellular infiltrates. Some of the endothelium seem to he plump
(arrows) (magnification x 125). (D) A case of IgAN. MECA-79 was expressed on the plump endothelial cells of venules at the eortieo-medullazy junction
surrounded with cellular infiltrates (arrowheads) (magnification X210). (E) Tonsillar specimen. P-sclcetin was strongly expressed on venules
(arrowheads) (magnification x210). (F) Tonsillar specimen. MECA-79 was also expressed on the plump endothelial cells of HEVs (arrowheads)
(magnification x210).
function. Though the mechanisms of production of soluble P. in addition, the presence of high endothelial venules (HEVs)
seleetin are considered as alternative splicing and proteolytie has been noted in chronic inflammatory diseases; these special-
cleavage [18, 191, the function and the clinical utility of measuring ized posteapillary venules are found in lymphoid tissues that
levels of soluble P-seleetin remain to be established, support high levels of lymphocyte extravasation, and they contain
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Table 1. Renal P-selectin expression and soluble P-selectin levels in various glomerular diseases
No. of
cases
P-selectin expression (score) No. of
cases
Soluble P-selectin ng/ml
Glomerular Interstitial Serum Urine
Control 4 0.0 0.0 0.0 0.0 12 114.3 36,8 <40.0
MCNS 15 0.0 0.0 0.1 0.1 5 229.6 35.9 <40.0
FGS 2 0.0 0.0 0.5 0.0 2 282.9 113.2 <40.0
MN 12 0.0 0.0 0.0 0.0 10 188.1 31.6 <40.0
RPGN 6 0.3 0.2 0.5 0.la 6 249.5 54.6 <40.0
IgAN 26 0.4 0.2 0.5 0.la 12 283.6 64.la <40.0
LN 7 0.4 0.2a 0.4 0.1 5 312.8 52.2a <40.0
AGN 2 1.5 o.sa 1.5 0.5 2 581.0 219.2a <40.0
Values are means SEM. Abbreviations are: MCNS, minimal change nephrotic syndrome; FGS, focal glomeruloscierosis; MN, membranous
nephropathy; RPGN, rapidly progressive glomerulonephritis; IgAN, IgA nephropathy; LN, lupus nephritis; AGN, acute glomerulonephritis.P <0.01
many vesicular structures including Weibel-Palade bodies [20,
21].HEV-like vessels are also observed in chronically inflamed
nonlymphoid tissues and are believed to play an important role in
the pathogenesis of various inflammatory diseases, such as rheu-
matoid arthritis and Graves' disease [20—23]. Though Renkonen
et a! observed high-endothelial-like properties of peritubular
capillary endothelium during acute renal allograft rejection of
rats, the presence of HEVs has not been proven clearly in the
kidney [24].
The aim of this study was to clarify renal P-selectin expression
and the significance of soluble P-selectin in human glomerulone-
phritis. We found up-regulation of P-selectin expression in gb-
merular and interstitial lesions by two distinct mechanisms, and
high serum soluble P-selectin levels in human proliferative gb-
merulonephritis, especially with endocapillary proliferation. To
our knowledge, this is the first report of MECA-79 expression in
human nephritis suggesting that the cortico-medullary venules
may become HEV-like vessels and support leukocyte infiltration
even in human renal interstitial injury.
METHODS
Patients
Eighty-one Japanese patients with histologically-proven gb-
merular diseases, 40 males and 41 females, aged 44 2 years
(mean SEM, range 15 to 81 years), including 2 patients with
acute glomerulonephritis (AGN), 26 patients with IgA nephrop-
athy (IgAN), 6 patients with rapidly progressive glomerulonephri-
tis (RPGN), 7 patients with lupus nephritis (LN), 15 patients with
minimal change nephrotic syndrome (MCNS), 2 patients with
focal glomerulosclerosis (FGS), 12 patients with membranous
nephropathy (MN), 3 patients with diabetic nephropathy, 3
patients with toxemia of pregnancy, and 5 patients with other
diseases (membranoproliferative glomerulonephritis, acute inter-
stitial nephritis, hypersensitive vasculitis, drug-induced lupus ne-
phritis and cyclosporine-induced nephropathy) underwent renal
biopsies (N = 76) or autopsies (N = 5) in our university and
affiliated hospitals. All patients included in the present analysis
had informed consent, when they entered into this study. Four of
6 patients with RPGN had received the combination therapy of
methylprednisolone pulse therapy (1000 mg X 3 days) and oral
prednisolone (initial dose of 20 or 40 mg/day). Moreover, one of
them had been also treated with plasma exchange. Similarly, 6 of
7 patients with LN had received oral prednisolone and 3 of them
had also received methylprednisolone pulse therapy.
We also examined 4 minor abnormal cases who showed non-
glomerular macro- or microscopic hematuria as pathological
controls, and tonsillae that were obtained from the patients with
IgAN and chronic tonsillitis.
Light microscopic studies
Kidney specimens were fixed with 10% phosphate-buffered
formalin (pH 7.4), embedded in paraffin, cut into 4 j.tm sections,
and stained with hematoxylin and eosin (H-E), periodic acid-
Schiff's reagent (PAS), periodic acid silver methenamine (PAM)
and Mallory-azan solutions. Two observers, without a prior
knowledge of the clinical course, independently examined the
renal tissues, Mesangial proliferation, extracapillary (segmental)
lesions, exudative lesions and endocapillary proliferation includ-
ing leukocyte infiltration judged by more than 3 polymorphonu-
clear cells and/or mononuclear cells in each glomeruli were
evaluated as below. The grade of each point was expressed on an
arbitrary scale: absent (0), faint (0.5), mild (1), moderate (2) and
severe (3). In addition, tubular atrophy, intercellular infiltration
and fibrosis in the interstitium were also graded on the scale as
follows: absent (0), faint (0.5), patchy (1), zonal (2) and diffuse
(3).
Immunohistochemical studies
Fresh tissue specimens, embedded in O.C.T. compound and
snap-frozen in n-hexane cooled with a mixture of dry ice and
acetone, were cut at 6 m on a cryostat (Tissue-Tek Systems;
Miles, Naperville, IL, USA). The sections were treated by alka-
line-phosphatase conjugated avidin-biotin complex method (Vec-
tastain ABC-AP kit, AK-5002 and Vector red, SK-5 100; Vector
Lab, Burlingame, CA, USA) using two anti-human P-selectin
(GMP-140) murine monoclonal antibodies (clone AK-6, IgG1,
Cambridge Research Biochemicals [6]; clone CLB-Thromb/6,
IgG1, Immunotech [25]). Endogenous alkaline phosphatase activ-
ity was inhibited by the addition of levamisole. Two observers also
independently examined the immunohistochemical findings with-
out a prior knowledge about the clinical course and light micro-
scopic findings. All glomeruli were examined in each specimen,
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Table 2. Renal P-selectin expression, serum soluble P-selectin levels and clinicopathological findings
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P-selectin expression Serum soluble
P-selectinGlomerular Interstitial
Clinical data (N 66) (N = 48)
Proteinuria r =
—0.07; NS r = —0.01; NS r = —0.31; NS
Hematuria r = 0.22; NS r = 0.31;P <0.01 r = 0.11; NS
Serum creatinine r = 0.06; NS r = 0.25; P < 0.05 r = —0.06; NS
Serum total protein r = 0.19; NS r = 0.17; NS r = 0.24; NS
Serum albumin r = 0.13; NS r = 0.12; NS r = 0.19; NS
Pathological findings (N = 84) (N = 48)
Glomerular lesions
Local cellular accumulation r = 0.72; P < 0.001 — r = 0.42; P < 0.01
Endocapillary proliferation r = 0.60; P < 0.00 1 — r = 0.54; P < 0.001
Mesangial proliferation r = 0.42; P < 0.001 — r —0.08; NS
Extracapillary lesions r = 0.22; P < 0.05 — r = 0.02; NS
Interstitial lesions
Local cellular infiltration — r = 0.54; P < 0.001 r = 0.08; NS
Tubular atrophy — r = 0.31; P < 0.01 r = —0.11; NS
Cellular infiltration — r = 0.33; P < 0.01 r = —0.17; NS
Fibrosis — r = 0.26; P < 0.02 r = —0.17; NS
NS is not significant.
and intraglomerular staining for P-selectin was arbitrarily graded
on a scale from 0 to 2 [negative (0), faint (0.5), mild (1) and
moderate (2)1, and was calculated as the mean score of intraglo-
merular staining. Specimens given as the mean score of more than
0.5 were considered to be P-selectin positive. We also analyzed
the infiltrating cells of each glomerular capillary, and the relation
between P-selectin positive glomerular capillaries and cellular
infiltration. Interstitial vascular expression of P-selectin was also
graded on the same arbitrary scale as above. We counted the
maximum number of infiltrating cell layers around interstitial
P-selectin positive vessels, and evaluated the relation between
vascular P-selectin expression and the density of the cellular
infiltrates around blood vessels. There was no significant differ-
ence in the staining pattern between AK-6 and CLB-Thromb/6.
Sequential specimens of 20 cases were also stained using anti-
CD4Ib (gpllb of platelets) murine monoclonal antibody (clone
SZ. 22, IgG1, Cosmo bio [26]) and graded on the same scale for
the purpose of contradistinction to P-selectin staining. The spec-
imens were also observed under a confocal laser scanning micros-
copy (InSIGHT; Meridian, Okemos, MI, USA). All controls were
negative in each process including the replacement of anti-P-
selectin antibody to a murine monoclonal Toxoplasma gondii
antibody (TpM-1, IgG1) (data not shown). In addition, we exam-
ined 29 specimens by a rat monoclonal antibody MECA-79, which
recognized a carbohydrate epitope on HEVs obtained from
American type culture collection (HB-9479; Rockville, IL, USA)
[271.
In situ hybridization for P-selectin
In situ hybridization procedures were basically the same as
those described by Miyamasu et al [281. For the P-selectin
antisense oligonucleotide probe, a partial sequence of Exon 3
(5 '-CTGGATGGCCACTAAGTCTGTGTAGCGAYTCTGGCA-
3') [29] was used, and signals were visualized by using commer-
cially available digoxigenin-alkaline phosphatase systems (DIG
Oligonucleotide Tailing kit and Nucleic Acid Detection kit;
Boehringer Mannheim, Mannheim, Germany). Negative controls
were performed by replacing the antisense probe with sense
probe, which was the exact complement of the antisense probe
(5 '-TGCCAGAATCGGFACACAGACTTAGTGGCCATC CAG-
3'). Kidney specimens were fixed with PLP solution or 10%
phosphate-buffered formalin (pH 7.4), embedded in paraffin, cut
into 4 /.tm sections. Slide-mounted sections were treated with 0.2
N HC1 for 10 minutes, washed with PBS, and dehydrated with
alcohol. For prehybridization treatment, slides were treated with
predigested pronase (Calbiochem, San Diego, CA, USA) at room
temperature for 20 minutes. After washing in PBS containing 2
mg/mI glycine, slides were fixed in 4% paraformaldehyde in PBS
and acetylated in 0.25% acetic anhydride in 0.1 M triethanolamine
buffer. Slides were washed twice with 2 X SSC (standard saline
citrate; 1 x SSC is 0.15 M NaCI in 0.015 M trisodium citrate) for
five minutes and dehydrated with ethanol and dried in air. The
hybridization reaction was performed at 42°C for 15 hours using
hybridization mixture with the Digoxigenin-labeled P-selectin
oligonucleotide probe at a concentration of 100 pmol!ml in the
hybridization buffer (50% formamide, 10 mt Tris-HCI, 0.3 M
NaCI, 1 mat EDTA, 10% dextran sulfate, 1X Denhardt's solution,
100 .tg/ml salmon sperm DNA and 500 j.g/ml yeast tRNA). After
hybridization, sections were rinsed with SSC, then washed in
buffer I consisting of 0.1 M maleic acid, 0.15 M NaCl (pH 7.5) for
five minutes. The sections were incubated in buffer I containing
3% blocking reagent and 2% normal sheep serum for 30 minutes
at room temperature, then were covered with alkaline-
phosphatase conjugated anti-digoxigenin antibody at 4°C over-
night. The sections were incubated in buffer 11(0.1 at Tris-HCI, 0.1
M NaCl, 0.05 M MgC12, pH 9.5) for two minutes. Two hundred
microliters of color metric solution (10 ml buffer II containing 200
1.d NBT/BCIP solution and 0.024% levamizol) were applied on
each specimen and slides were incubated for about four hours in
the dark room, then the reaction was stopped.
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Fig. 2. Confocal laser microscopic findings. (A) The most intense P-selectin expression was observed at the luminal side of capillaries in glomeruli
(arrows) in a representative case with TgAN. (B) P-selectin was strongly positive on the surface and cytoplasm of vascular endothelial cells with cellular
infiltrates in the interstitium (arrows) in a representative case with IgAN. Red and orange represent strongly positive sites. On the other hand, blue and
purple represent weakly positive sites.
Fig. 4. Comparison between renal CD41b and P-selectin expression by using sequential specimens of a patient with AGN. (A) P-selectin was positive
in glomeruli (arrows). (B) CD41b was stained in accord with P-selectin staining in glomeruli (arrows) (magnification X500). (C) P-selectin was strongly
expressed on the postcapillary venous endothelial cells at the cortico-medullary junction. (D) Intensive CD41b expression was not found in the
interstitium except for thrombus (magnification >< 125).
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wich method using anti-human P-selectin murine monoclonal
antibodies GMP-140 (P-selectin) EIA kit; Takara, Kyoto, Japani.
The color intensity was measured by a microplate photometer
(MTP-22, Corona Electric Co., Tokyo, Japan). Sera and urine of
12 Japanese healthy volunteers, 6 males and 6 females aged from
21 to 48 with a mean 26 years, were examined for control
purposes. All samples were obtained from volunteers when they
were negative for any other immunological active states such as
infections by clinical findings and questionnaire. The minimum
level of soluble P-selectin measured in this system was 40.0 ng/ml.
Statistical analyses
Statistical analyses were performed using ANOVA test, Stu-
dent's t and Fisher's exact tests for paired and unpaired data, and
Pearson's and Spearman's correlation coefficient for the analysis
of parametric and nonparametric data. P < 0.05 was accepted as
statistically significant.
RESULTS
Patients
Proteinuria of variable amounts and/or microscopic hematuria
were present in all patients. Nephrotic syndrome, defined as daily
proteinuria equal to or exceeding 3.5 g and hypoproteinemia, at
the biopsy or autopsy was observed in 16 patients (19%) and
moderate proteinuria (more than 1.0 g/day) in 31(36%). Four
patients (5%) presented with impairment of renal function (serum
creatinine > 2.0 mg/dl).
Glomerular expression of P-selectin and MECA-79 and the
correlation with clinicopathological findings
Fig. 3. In situ hybridization. P-sclectin mRNA signals were detectcd in
the capillary and venous endothelial cells (arrows), but not in glomeruli
(0) of kidney specimens, and venous (arrow heads) hut not arterial
endothelial cells in tonsil (magnification A, x125; B, x200; C, x210).
Soluble form of P-selectin assays
Sera and urine of 48 patients obtained at the time of renal
biopsy and stored at —70°C were analyzed by solid-phase enzyme-
linked immunosorbent assay (ELISA) based on the double sand-
In 4 cases of minor abnormality and 15 cases of MCNS,
P-selectin was negative in all glomeruli (Fig. 1A). In 14 specimens
with FGS or MN, P-selectin was negative except for I faintly
stained specimen with MN. In 26 specimens with IgAN, the grade
of glomerular P-selectin expression was judged as faint in 4, mild
in 4 and moderate in 2 with mean score 0,4. In LN or AGN, 4 of
9 cases showed the greater P-selectin staining than faint levels and
glomerular P-selectin expression was judged by mean scores 0.4
and 1.5, respectively (Fig. 1B). In RPGN, mild P-selectin expres-
sion was observed in 2 specimens though there was no significant
change in mean score 0.3 (Table 1). The staining was specific for
P-selectin, since we pre-incubated anti-P-selectin antibody with
excess amount of recombinant human P-selectin and found
negative staining in P-selectin positive specimens (data not
shown). The most intense P-selectin expression was found at the
luminal side of glomerular capillaries by confocal laser microscopy
(Fig. 2A). Glomerular P-selectin expression correlated positively
with local cellular accumulation (r 0.72, P < 0.001), endocap-
illary proliferation and mesangial proliferation. In addition, gb-
merular P-selectin expression weakly correlated with extracapil-
lary lesions. In this study, 12 of 85 cases exhibited the
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endocapillary proliferation, and the most severe endocapillary
proliferation was found in AGN, but it did not correlate with
serum creatinine levels. On the other hand, it did not correlate
with clinical data, such as the extent of proteinuria or hematuria,
and the values of serum creatinine, total protein or albumin
(Table 2). MECA-79 was negative in the glomeruli of all speci-
mens tested, but was strongly positive in HEVs of tonsillar
specimens correlated with P-selectin expression (Fig. I E, F).
Interstitial expression of P-selectin and MECA-79 and the
correlation with clinicopathological findings
In 4 cases of minor abnormality, interstitial P-selectin was
faintly stained in the interstitium (Fig. IA). In 3 of 15 cases of
MCNS and 1 of 12 cases of MN, P-selectin was weakly expressed
on endothelial cells of some venules in the interstitium. In 26
specimens with IgAN, the grade of interstitial vessel P-selectin
was negative in 9, faint in 11, mild in 4 and moderate in 2 with
mean score 0.5. In AGN and RPGN, interstitial P-selectin expres-
sion was up-regulated with mean scores 1.5 and 0.5, respectively.
However, there was no significant change in 7 specimens of LN
with the mean score 0.4 (Table 1). The most intense interstitial
P-selectin was found on the endothelial cells of postcapillary
venules at the cortico-medullary junction surrounded with cellular
infiltrates (Fig. IC). MECA-79 was detected only on the plump
endothelial cells in the interstitial lesions with cellular infiltration
(Fig. ID). The staining patterns of P-selectin on the interstitial
vascular endothelial cells were mainly cytoplasm and cell surface
by confocal laser microscopy (Fig. 2B). The grade of interstitial
P-selectin expression correlated positively with the density of local
cellular infiltrates and weakly with the extent of hematuria and
interstitial lesions such as cellular infiltrations, tubular atrophy
and fibrosis (Table 2).
Expression of P-selectin transcript in renal tissues
In situ hybridization detected P-selectin mRNA signals on the
endothelial cells of both kidney and tonsillar specimens in the
same manner as immunohistochemical analyses did, but not in
glomeruli (Fig. 3 A-c). The staining was specific, since positive
staining was not detected when the tissues were hybridized with
P-selectin oligonucleotide sense probe and were pre-hybridized
with non-labeled P-selectin antisense oligonucleotide probe (data
not shown).
Renal CD41b expression and the contradistinction to renal P-
selectin expression
The most intense CD41b expression was found at the luminal
side of various blood vessels where thrombus was formed and
P-selectin was stained intensely. CD4Ib expression was positive in
glomeruli where P-selectin was stained (r = 0.78; 1' < 0.001, Fig.
4 A, B). On the other hand, intensive CD4Ih expression was not
found on the cndothelial cells of postcapillary venules at the
cortico-medullary junction surrounded with cellular infiltrates
(Fig. 4 C, D).
Soluble P-selectin levels in various glomerular diseases
In normal controls (N = 12), serum soluble P-selectin levels
were 114.3 36.8 ng/ml. Serum soluble P-selectin levels were
significantly higher in patients with AGN, LN and IgAN (Table 1).
On the other hand, there were no significant changes in serum
soluble P-selectin levels in patients with RPGN after therapy,
FGS, MCNS and MN.
Urinary soluble P-selectin levels were under detection limit in
this ELISA (< 40.0 ng/ml) in all patients and controls.
Serum soluble P-selectin levels and the correlation with renal
P-selectin expression and clinicopathological findings
Serum soluble P-selectin levels were 329.4 67.7 ng/ml in
patients with positive glomerular P-selectin expression and
250.2 25.2 ng/ml in negative patients. These levels in both
groups increased significantly in comparison with control levels
(P < 0.05, Fig. 5A). Likewise, serum soluble P-selectin levels were
311.2 44.8 ng/ml in patients with positive interstitial P-selectin
expression and 239.7 25.0 ng/ml in negative patients (Fig. SB).
In addition, serum soluble P-selectin levels correlated positively
with glomerular endocapillary proliferation and local cellular
accumulation, but not with other clinicopathological findings
(Table 2). In 15 cases with glomerular endocapillary proliferation,
soluble P-selectin levels were much higher than those of cases
without glomerular endocapillary proliferation and normal con-
trols (340.7 58.6 ng/ml, N = 16, 232.5 21.6 ng/ml, N = 32 and
114.3 36.7 ng/ml, N = 12; P = 0.0019 by ANOVA test).
DISCUSSION
Our findings suggested that glomerular and interstitial P-
selectin expression was up-regulated in active human proliferative
glomerulonephritis. The pathological findings revealed that gb-
merular P-selectin expression correlated with gbomerular prolif-
erative lesions, especially endocapillary proliferation. It is specu-
lated that the intraglomerular antibodies and/or immune
complexes deposition trigger the synthesis of various inflamma-
tory mediators, which promote leukocyte accumulation or P-
selectin expression, and then endothelial cells interact with at-
tracted leukocytes by P-selectin as the first step of leukocyte
emigration in gbomerulonephritis [30—32]. Likewise, in our study
interstitial P-selectin expression also correlated with local cellular
infiltrates, so that P-selectin may play a role even in interstitial
cellular infiltration. As for patients with RPGN or LN, many of
them had received immunosuppressive therapies including steroid
pulse therapy, so it is likely that these therapies decreased their
P-selectin expression.
We investigated the derivation of P-selectin by means of
performing in situ hybridization and staining CD41b, a specific
membrane glycoprotein of platelets [261. In gbomeruli, in situ
hybridization detected no P-selectin mRNA signals, and CD41b
expression was positive in accord with P-selectin. These results
suggested that intraglomerular P-selectin is largely derived from
not glomerular endothelial cells but activated platelets. The
glomerular endothelial cells are specialized thin fenestrated cells,
unlike other endothelial cells of the microcirculation [10, 331;
accordingly, they might not contain so many Weibel-Palade
bodies. Besides, the roles for the platelet in gbomerubonephritis
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are considered to be mediating glomerular thrombosis, modulat-
ing glomerular hemodynamics by releasing vasoactive substances,
stimulating mesangial cell proliferation and activation by platelet-
derived growth factor, interleukin-1, etc. [34]. In addition to these,
Johnson et al pointed out the possibility of augmenting neutro-
phil-mediated glomerular injury by platelets [34, 35]. They ob-
served that glomerular platelet accumulation was preceded the
neutrophil accumulation with a peak at 10 minutes following
disease induction in immune complex nephritis in the rat [35].
Further, Lalor and Nash showed that P-selectin mediated adhe-
sion of flowing leukocytes to immobilized activated platelets [36].
Taken together, it can be speculated that platelets accumulate and
adhere to glomerular capillary walls where endothelial cells are
injured by immune complexes and various inflammatory media-
tors, and leukocytes adhere to P-selectin expressed on the plate-
lets, and then interact with the endothelium. That is to say,
P-selectin of platelets may become a foothold for leukocytes to
infiltrate in human glomeruli. However, Tipping et al observed
that platelet depletion did not alter glomerular P-selectin expres-
sion and neutrophil accumulation in acute murine anti-GBM
glomerulonephritis [15]. The reason may be the specific difference
between humans and mice. The another possibility exists that
P-selectin in glomeruli is a result of binding of soluble P-selectin
derived from activated platelets and other endothelial cells, but
not platelets itself. It needs further studies to confirm this
conclusion.
On the other hand, in the interstitium in situ hybridization was
positive and CD41b expression was negative on the endothelial
cells of postcapillary venules where P-selectin and MECA-79 were
stained. We can speculate from these results that interstitial
P-selectin is de novo synthesized by those endothelial cells. It is
already clear that P-sclectin is primarily found in postcapillary
venules, the favored sites of leukocyte extravasation during in-
flammation, rather than in larger veins, arterioles or arteries [11].
In recent years, HEVs like vessels are also observed in chronically
inflamed nonlymphoid tissues and are speculated to play an
important role in cellular infiltration of various inflammatory
diseases [20—23]. The cortico-medullary venous endothelial cells
where P-selectin and MECA-79 were strongly positive seem to be
plump. Though Renkonen et a! observed high-endothelial-like
properties of peritubular capillary endothelium during acute renal
allograft rejection of rats, the presence of HEV-like vessels has
not been proven clearly in the kidney [24]. Our findings suggested
that the cortico-medullary venules may become HEVs like vessels
and support leukocyte infiltration even in human renal interstitial
injury.
This study showed that serum soluble P-selectin levels were
significantly elevated in patients with proliferative glomerulone-
phritis. We also found that serum soluble P-selectin levels in
patients with glomerulonephritis correlated well with in situ
expression of P-selectin both in glomeruli and in the interstitium,
and moreover with glomerular endocapillary proliferation. The
majority of soluble P-selectin in blood is the alternatively spliced
form lacking a transmembrane domain with the N-terminus
intact, and the rest is proteolytically derived from the membrane-
bound form of P-selectin [18, 191. Though it is not clear what
stimuli induce the alternative splicing, the plasma levels of
P-selectin can reflect either platelet activation and/or vascular
endothelial perturbation in thrombotic and inflammatory dis-
eases, collagen diseases such as systemic lupus erythematosus,
mixed connective tissue disease and rheumatoid arthritis [19, 37].
Besides, Gruschwitz, Hornstein and Driesch observed that serum
soluble P-selectin levels in acute-phase scleroderma patients
correlated with in situ expression of P-selectin and with disease
activity [381. Serum soluble P-selectin levels could therefore
provide a useful marker for the activation of platelets and/or
endothelium, and leukocyte accumulation even in human glomer-
ulonephritis. As for P-selectin in urine, we could not detect
urinary soluble P-selectin at all in this ELISA. Tomino et al
reported about the detection of activated platelets in urinary
sediments by immunofluorescence using monoclonal antibody to
human P-selectin in patients with IgAN [391. The reason for this gap
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Fig. 5. Relationship between glomerular (A)
and interstitial (B) P-selectin expression and
serum soluble P.selectin. Serum soluble P-
selectin levels were higher in patients with
positive glomerular or interstitial P-selectin
expression than those in patients with negative.
Those levels in nephritis were elevated
significantly as compared to normal control
levels (*P < 0.05 by ANOVA test). Results
represent means SEM.
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may be that the molecular mass of soluble P-selectin is about 137
kDa [18, 19], and is too big to be excreted through glomerular
capillary walls and the release of P-selectin from activated platelets in
urine may be too small to reach detection limit in this ELISA
(40.0 ng/ml).
As regards the function of soluble P-selectin, it is likely that
soluble P-selectin inhibits the interaction between leukocytes and
endothelium or platelets by binding to ligands on leukocytes [18,
19]. Mayadas et al reported that more intraglomerular leukocyte
influx and proteinuria in a model of acute passive anti-GBM
nephritis in P-selectin deficient mice than wild-type mice [16].
They speculated that those results might have been due to
diminished transcellular biosynthesis of lipoxin A4, which inhibits
neutrophil and endothelial adhesion. It can be also speculated
that the absence of soluble P-selectin could not block the infiltra-
tion of activated neutrophils in glomeruli. Accordingly, P-selectin
may play a fundamental role in both mediating and limiting the
inflammatory responses of Icukocytes.
In conclusion, our results showed that P-selectin was associated
with both glomerular and interstitial leukocyte accumulation in
human proliferative glomerulonephritis, and might be expressed
by two distinct mechanisms that are the activated platelets in
glomeruli and the de novo expression in the interstitial lesions,
which correlated with MECA-79 expression as HEV-like vessels,
and serum soluble P-selectin may be a useful marker for predict-
ing in situ P-selectin expression associated with glomerular endo-
capillary proliferation.
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